Congenitally, profoundly deaf college students were asked to generate rhymes to 50 target words. Results of the experiment indicated that it is possible for deaf individuals to develop the sensitivity to the phonologic structure of words necessary for rhyming: Approximately half of the responses generated were correct rhymes. Of these correct rhymes, the majority were orthographically similar to their target (e.g., BLUE-glue and TIE-lie), although 30% were orthographically dissimilar to their target (e.g., BLUEthrough and TIE-sky), indicating an ability to generate rhymes independent of orthographic structure. Errors were analyzed in an attempt to determine the basis on which the subjects generated rhymes. Evidence of both orthographic and speechrelated strategies were obtained.
The ability to generate rhymes requires sensitivity to the phonologic structure of words: Words that rhyme are similar in their phonologic structure. differing. generally. only in their initial phoneme. Studies have found that normally-hearing children generally enter school with an appreciation of rhyme and the ability to generate a rhyme to given words (Jusczyk. 1977; Stanovich. CUnningham. & Cramer, 1984) . Such sensitivity to phonologic structure as is required in rhyming has been found to be associated with beginning reading success for normally-hearing children (Bradley & Bryant, 1985; Liberman. 1983; Mattingly. 1972; Perfetti. 1985) . Indeed, Bradley and Bryant (1978) found that normally-hearing children who were haVing difficulty in acquiring reading skills had difficulty in generating rhymes to target words. Thus. the ability to generate rhymes serves as a measure of language and reading-related skills.
The question addressed by the present paper is whether deaf individuals are able to generate rhymes to specific target words. One line of reasoning would argue that their hearing impairment would render them insensitive to the phonologic structure of words required for rhyming. Yet we know that at least some deaf children and adults display a sensitivity to the phonologic structure of words in making rhyme judgments about pairs of printed words. Hanson and Fowler (1987. Experiment 2) presented deaf college students with two pairs of orthographically similar words. e.g.. HAVE-CAVE and SAVE-WAVE. The task was a forced-choice task in which subjects had to indicate which of these two pairs rhymed. Results showed that the deaf subjects Performed significantly better than chance.
Other studies in the literature are consistent with the notion that deaf subjects are. in some cases, able to use rhyme. Blanton. Nunnally. and Odom (1967) presented hearing-impaired children with a target word followed by two alternatives. The children were to indicate whiCh of the alternatives rhymed with the target. One of the alternatives was an orthographically dissimilar rhyme and the other was an orthographically similar nonrhyme. Some of the children were able to score better than chance on the task. Similarly. Hanson (1980) reported that some deaf adults were able to judge fairly accurately whether word-word or word-nonword pairs rhymed. Moreover, some deaf indiViduals. most notably the better readers, are
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The present study carried the issue of deaf individuals' rhyming ability one step further by examining the rhymes generated in response to specific words. In the experiment to be reported here. deaf subjects were given target words and asked to write down words that rhymed with these targets. A corpus of responses produced by deaf subjects would be useful for investigators requiring rhyming manipulations for testing specific hypotheses about deaf populations.
If the deaf subjects of the present study are found to be able to generate rhymes successfully to the target words. the question must be asked as to how they are able to do so. In this regard. the data will be analyzed to explore whether there is evidence for various strategies. One possibility is that the subjects use an orthographic strategy by generating only words that have the same ending as the target word. Evidence that deaf subjects often rely on such an orthographic strategy has been obtained in previous studies (Blanton et aI.. 1967; Hanson. 1980; Hanson & Fowler. 1987) . For example. in another condition. Hanson and Fowler (1987, Experiment I) simply presented pairs of words and asked a group of deaf college students to indicate whether or not the words rhymed. When they were orthographically similar. subjects overwhelmingly answered that the pairs rhymed, even when they did not. When the pairs were orthographically dissimilar. subjects generally answered that the pairs did not rhyme. even when they did. Thus. the subjects often used the orthographic strategy. It was only when reqUired to rely on rhyme information. as in the forced choice task of the study. that subjects did so.
A second possible basis for rhyme generation that will be explored is the use of speech-related information. Many profoundly deaf persons rely on lipreading for reception of speech. One strategy, as suggested by Dodd and Hermelin (1977) . is that words that "look alike on the lips" are judged as rhyming pairs. A corollary to this possibility is that speech produced by deaf persons may also be influential in rhyme generation. By this strategy. the subject would be referring to articulatory information from their own productions. Like the orthographic strategy. the use of this speech-related information will often lead to correct rhyme responses. but at other times will produce characteristic errors because words that have similar production characteristics may not always rhyme.
Method Subjects
The subjects were 15 undergraduates at Gallaudet College. a liberal arts college for hearing-impaired students. All information regarding hearing loss and speech intelligibility was obtained from each student's college records. The subjects were all congenitally deaf and sustained a hearing loss of 90 dB or greater. pure tone better ear average. The intelligibility ratings used by Gallaudet staff are based on a scale of 1 to 5. with 5 being Unintelligible speech. No attempt was made to re-evaluate the speech intelligibility of the subjects for this experiment. The breakdown of speech intelligibility for these subjects was as follows: Seven subjects had speech rated a '3: that is. speech that the general public has some difficulty understanding initially; four had speech rated a '4: that is. speech that is very difficult for the general public to understand; and four had speech rated a '5: that is. speech that cannot be understood. Eight of the subjects had two deaf parents. Due to time constraints on the experimental session. a test of reading achievement was administered to only eight of the subjects. The test administered was the comprehension subtest of the GatesMacGinitie Reading Test (1969. Survey F. Form 2) . Survey F of the test is deSigned for grades 10 through 12. For each subject, a standard score on the test was obtained for grade level 10.1. A standard score of 50 represents the mean performance for grade 10.1, and each 10 points on the scale represents one standard deviation. By this measure, the mean reading level of the eight students tested was 45.6 (Range:::: 55 to 41). This is consistent with averages generally reported for Gallaudet students by ourselves (e.g., Hanson & Fowler, 1987; Hanson, Shankweiler, & Fischer, 1983) and others (Reynolds, 1975) and is considerably higher than the measured grade 3.2 median reading comprehension level of profoundly deaf students (hearing loss > 90 dB) graduating from high school (Karchmer, Milone, & Wolk, 1979) . Stimuli The stimuli for the experiment were 50 monosyllabic English words. The words were chosen so that each of 25 target words had a matched target word that was phonologically similar (rhyming) but orthographically dissimilar (e.g., BLUE and SHOE, LATE and EIGHT). These 50 words were indiVidually presented. The order in which words were presented was random, with the two words of any pair occurring in succession in only one case. The words were typed (in uppercase letters), with several words to a page. Below each stimulus word was space for the subject to write the responses. The space was sufficient for several words to be written. No numbering of responses was given to indicate the number of words a subject should write. A typographical error made on one stimulus word resulted in only 49 items being scored.
Procedure
Subjects were given the test sheet pages for the experiment with the follOWing instructions typed at the top of the first page:
For each of the follOWing words, write as many rhyming words as you. (You can use words more than once.) PLEASE PRINT!! Most subjects understood the instructions and had no questions. For the subjects who did have a question about what was meant by "rhyme," the experimenter informed them that "rhyme" meant words that sound the same and gave the pair BLUE-TWO as an example of a rhyme. The experimenter for the session was a deaf recent graduate of Gallaudet College, who communicated with the subjects by signing.
Scoring
In the few instances where a subject wrote a nonword as a response, the response simply was not scored. Thus, it was considered neither correct nor incorrect in terms of rhyming. ThiS occurred in only eight cases: For example, in the response poor for the target word BOAT. All responses were independently scored by the two authors and a third judge. When the categorizations did not agree, the two authors discussed the response until an agreement was reached.
Each response was first scored in terms of whether or not it correctly rhymed with the target word. The benefit of the doubt was given to subjects in determining correct rhymes. For example, in response to the target word BEAR, several subjects wrote tear. The scoring assumed that the SUbjects intended the response Iter I, rather than the nonrhyrning response ltir/. As another example, in response to the target word DOOR, some subjects wrote poor. It was assumed that the pronunciation of poor for these subjects was Ipor/, not Ipur/. Similarly, for the target word POOR it was assumed that the pronunciation in some dialects would be IpurI, so the response tour was counted as a correct rhyme. Finally, a response that was homophonous with the target word was counted as a correct rhyme. There were no disagreements between the judges as to whether or not an item was a correct rhyme.
The responses were then broken down into the follOWing different categories within both the correct and incorrect responses.
Corred Rhyme Responses
Correct rhyme responses can be one of two types: those that are orthographically similar to the target (e.g.. BLUE-glue. BEAR-pear. and TIE-lie) and those that are orthographically different from the target (e.g.. BLUE-through., BEAR-pare. and TIEsky) . Those that are orthographically different represent the clearest case for rhyme generation ability because the subject cannot have generated this response based on the orthographic representation of the word. The correct responses were therefore divided into those that were orthographically different from the target and those that were orthographically similar. A listing of all correct rhyme responses in given in the Appendix. listed separately by their orthographic similarity to the target.
Incorrect Rhyme Responses
There were several different categories of incorrect responses. to be described below. It will be apparent from these descriptions that the categories do not comprise mutually exclusive categories. nor even necessarily the only possible categories. They proved helpful. however. in providing at least some interpretation of the errors. As there are always inherent difficulties in devising error categories. a complete listing of the incorrect responses is given in the Appendix (along with its classification in this study). Readers are therefore free to use their own categorization. as deSired.
It is also worth noting that because the error categories were not mutually exclusive in all cases. a hierarchy of classification was used. The error categories considered vowel, orthographic. and speech-related similarity of the targets and responses. If the vowel portion of the response was the same as the vowel portion of the target. the response was classified in the VOWEL category. whether or not the response was also similar to the target in other error characteristics. Next. if the response and target were orthographically similar. the response was classified in the ORfHOGRAPHIC category. whether or not the response was also spoken similarly to the target. In this hierarchy. VOWEL categorizations were given highest priority because they represent fairly small deviations from correct rhyme responses. ORfHOGRAPHIC categorizations were given the next priority because of previous studies indicating a great deal of reliance on orthographic similarity by both hearing (Seidenberg & Tanenhaus. 1979 ) and deaf subjects (Blanton et aI.. 1967; Hanson & Fowler. 1987 ) when making rhyme judgments. This classification system has the obvious disadvantage. however. of underestimating the number of errors that might have resulted from speech-related confusions.
VOWEL. ThiS VOWEL classification was used for responses that had the same vowel as the target word. but did not rhyme. genenilly because the response contained an error in the final consonant portion of the response. The category was further subdivided in those responses that were orthographically different M from the target and those that were orthographically similar to the target (VO). Examples of errors in this category are the follOWing: PAIL-pay M. PEACE-bee M. PAIL-paid (VO). PEACEpea (VO). In addition. there were some cases in which the response was a multisyllabic word. Again using a lenient scoring system. if one of the syllables had the vowel portion the same as the target vowel. the response was considered to be a VOWEL error; for example. RED-ready M and BOX-oxen (VO).
ORTHOGRAPHIC. A response was counted in the ORTHOGRAPHIC (0) category if the final spelling pattern was the same as the target. that is. if the portion of the target word carrying the rhyme was present in the response. In this case. despite the fact that the orthographic patterns were the same. the two words did not rhyme. The follOWing are examples of ORTHOGRAPHIC errors: EIGHT-right. BEAR-dear. PHONEnone. Other responses were also counted in this category if there was some orthographic similarity (SO) with the target, but that the response and target were not identical in their final portions. Examples of this kind of error are FEEL-Jell. BEARbeer. and HURT-cure.
SPEECH-RELATED. The SPEECH-RELATED classification (SR) was used primarily for responses in which the response looked similar to the target on the lips of speakers. While it is also possible that subjects' responses were influenced by articulatory characteristics. e.g.. their own productions. there was no way to obtain this information for analyses. Therefore. the speech-related errors could arise from lipreading and/ or speech production. Examples of some responses thus classified were ONE-want, and BOX-mat. UNCLASSIFIABLE. Responses falling into the UNCLASSIFlABLE (U) category were those that did not meet the criteria of any of the other categories. Examples of unclassifiable responses are HAIR-earn and TIE-stay.
Results and Discussion
The purpose of this study was to examine the responses of congenitally. profoundly deaf students when asked to generate rhymes to target words. This question is answered here not only by tabulating the percentage of correct and incorrect responses. but also by presenting a complete listing of the responses given by subjects and by providing one possible system of classification of the responses. Table 1 is a summary of the correct and incorrect responses given by the subjects. The correct responses are broken down into those that are orthographically similar and dissimilar to the target. Table 1 shows that roughly half (52.2%) of the responses generated did correctly rhyme with the target word presented. Given the open response nature of this task, this relatively high percentage of correct responses suggests that the deaf subjects. indeed. did have some means of correctly generating rhymes. An important element in the examination of the errors is the Appendix. which lists all responses given in the experiment. It is also worth noting from the Appendix that specific responses were often generated by more than one person.
It is pOSSible that the subjects in this experiment might have generated rhymes simply by taking a short cut and generating only words that had the same ending as the target word. Thus. for the target word TIE. the responses die. lie. and pie could have been generated by such an orthographic strategy. However. the responses dye. sky. sty. and eye could not have been generated by this means.
Of the 626 correct rhyming responses given in this study. 70% could have been generated by the orthographic strategy. These are the orthographically similar rhymes shown in Table 1 . This high percentage of orthographically similar rhymes is one indication that the orthographic properties of written words do weigh heavily in deaf subjects' judgments of rhyme. Normally-hearing subjects. similarly. have been found to be influenced by these orthographic properties when making judgements about rhyme. For example. Seidenberg and Tanenhaus (1979) found that hearing college students were influenced by the orthographic properties of written words even when making Judgments about whether auditorily presented words rhyme.
Consistent with findings that deaf subjects were able to identify rhymes independent of orthographic similarity (Blanton et aI.. 1967; Hanson. 1980; Hanson & Fowler. 1987) . the other 30% of the correct rhymes were orthographically distinct from the target. As indicated in the Appendix. the subjects in many cases generated homophones as responses (e.g. WEIGH-way. WON-one. BLUE-blew).
Individual subJects' responses were examined to determine whether there were large differences between subjects in the ability to generate rhymes. No subject was totally unable to generate rhymes. although some subJects were clearly more skilled at this task than were others. The number of responses generated by indiVidual subjects ranged from 159 to 42 words. subjects thus averaging from 3.24 to .86 words per target. The percentage of correct rhymes ranged from 83.0% to 24.0%. Although some subjects clearly relied on an orthographic strategy. other subjects were quite adept at generating orthographically dissimilar rhymes. The percentage of orthographically dissimilar rhymes ranged from 66.7% to 10.6%. with the mean being 34.0%. Thus. it is apparent that no subject relied solely on the orthographic strategy.
Correlations between rhyme generation and the speech intelligibility of individual subjects were computed. The measure of speech intelligibility was the 1 -5 rating for each subject obtained from college records. As measures of rhyme generation ability. the follOWing were used: the percentage of correct rhyme responses. the percentage of correct orthographically dissimilar rhyme responses. the percentage of correct orthographically similar rhyme responses. the total number of correct rhymes generated. and the total number of responses (both correct and incorrect) generated. Due to the limited range of speech intelligibility values. the correlations are perhaps smaller than would have been obtained if some students with excellent speech skills had been available for testing. The highest correlation obtained was between speech intelligibility and the total number of correct rhymes generated. r::: -.33. Although not statistically significant with only 15 subjects and a limited range of speech intelligibility scores (the scores ranged only from 3 to 5), the direction of the correlation was such that the better speech intelligibility was associated with more correct rhymes generated. It is also possible that strong correlations with speech intelligibility were not obtained because of differences in task reqUirements in the two situations. Speech intelligibility ratings depend both on segmental and suprasegmental characteristics of speech. In contrast. a use of speech-related information by deaf subjects in generating rhymes would depend on segmental characteristics of speech.
Although reading scores were available for only eight of the subjects. it seemed of interest to determine whether there was any relationship between reading ability and rhyme generation ability. For this reason. correlations were computed between reading level and the measures of rhyme generation ability used preViously. There were indications that the better readers were better at generating rhymes. Reading scores correlated -.41 with the total number of responses generated. -.38 with the total number of correct rhymes generated. and. most interestingly. -.33 with the percentage of correct orthographically dissimilar rhymes. Being not statistically Significant given the few number of subjects involved in this analysis and the relatively limited range of reading scores. these results can only be taken as suggestive that reading ability is related to phonological sensitivity. Whether phonological sensitivity promotes reading or is a consequence of skilled reading. clearly cannot be determined here. Some research with hearing children. however. has suggested a causal relation. such that ability to manipulate phonological segments affects the degree of success that children have in acquiring reading skills (Bradley & Bryant. 1985) .
Subjects with deaf parents could not be distinguished from subjects with hearing parents in their ability to generate rhymes. For the subjects with deaf parents. 52% of the responses they generated were correct rhymes; for the subjects with hearing parents. 54% were correct rhymes. Thus. the two groups were comparable in this ability. In terms of the types of rhymes generated. the subjects with deaf parents generated slightly more rhymes that were independent of orthographic similarity: Of the correct rhymes generated the subjects with deaf parents and those with hearing parents. 34.4% and 28.1%. respectively. were orthographically dissimilar. Consistent with other research. the subjects with deaf parents had poorer rated speech intelligibility than the subjects with hearing parents (Smith. 1975) : Those with deaf parents had a mean speech rating of 4.25. whereas those with hearing parents had a mean rating of 3.29. t(13) = 2.55. P < .025. When the percentage of correct rhymes is adjusted by speech intelligibility using an analysis of covariance. the difference in the percentages generated by subjects with deaf parents and subjects with hearing parents remains Similar. F < 1.
Further supporting the notion of rhyming ability in these subjects was the finding that many of the incorrect responses in the study (14.5%) correctly had the vowel in common with the target word. These vowel errors may have been given as "best guesses K when the subjects were unable to think of exact rhymes. In these cases. they gave responses that were almost rhymes. often differing from a correct response only in that a final consonant was erroneously added to the response or in that a final consonant was omitted from the response.
The question must be asked: How are deaf individuals able to generate rhymes? A few possibilities are most apparent. and the subjects' errors were analyzed to take these pOSSibilities into account. One pOSSibility. as has already been discussed. is that the subjects match orthographic patterns. As indicated previously. many of the correct rhyme responses did have an orthographic pattern in common with the target word. Additional evidence supporting an orthographic strategy can be observed in the error patterns shown in Table 2 : Of the 573 incorrect rhyme responses in this study. fully half (53.4%) bore at least some orthographic similarity to the target word. Included in this percentage are the responses classified as orthographic errors. either 0 or SO. as well as VOWEL errors with a common orthographic pattern. the VO errors. An example is the target word SAID. which elicited the responses aid. raid. paid. andjaint. among others.
Another possible basiS on Which deaf individuals could generate rhymes is speech information-either the Visual characteristics of words on the lips of speakers (Dodd & Hermelin. IS77) or characteristics of the subjects' own productions. Due to the method of scoring in thiS study. the percentage of errors resulting from such a strategy (the SPEECH-RElATED errors) indicates the lower limits of such a use. Most are easily explained in terms of visibility (e.g.. RED~ran). However. several interesting examples suggest that the intrusion of segmental errors in the speech of the subjects may have given rise to rhyme errors (e.g.. PHONE-phony or BLUEballoon. both suggesting the common addition of a /,,/ to the monosyllabic target).
Nonetheless. there. were some responses that remained unclassffiable by the scoring categories used in the present study. Some of these appear to have been semantically/morphologically determined (e.g.. RED-green. RAIN-dry) . For most of the others in the UNClASSIFIABLE category. however. the origin is unknown. One possibility. not yet mentioned. is that correct responses in this task could have been generated by subjects having memorized pairs of rhyming words from classroom or speech instruction. This may have occurred in some cases. For example. the response eat (by two subjects) to the target word EIGHT could have resulted from subjects having learned that EIGHT rhymes with ATE. and then responding with a morphologically wrong form of the verb; thus. the response eat.
Although some responses may have been based on memorization of this sort. it seems unlikely that this was the primary basis on which subjects arrived at their responses. It is inconceivable that the subjects would have happened to have been specifically taught rhymes for each of the words used in this study.
Summary
In summary. the finding here that over 50% of the rhymes generated by deaf students in response to specific target words corroborate indications from other studies that it is possible for congenitally. profoundly deaf individuals to develop the appreciation of the phonologic structure of words (Blanton et aI.. 1967; Dodd & Hermelln. 1977; Hanson & Fowler. 1987) . Thus. despite the fact that rhyming is generally considered to be an auditory task. these results provide evidence that a severe-profound hearing loss does not preclude. an ability to rhyme. The correct rhyming responses are provided here to be used as a resource for other investigators interested in testing questions about, for example. reading or short-term memory. that require a corpus of words that are recognized as rhymes by deaf students.
The results of this study should not be taken to indicate. however. that rhyme ability is necessarily characteristic of deaf individuals. In this regard. it is worth remembering that the subjects of the present study were all college students. While the present study was not designed to address the question of reading skill in relation to rhyme generation ability. correlations suggestive that better readers are better able to generate rhymes were obtained. Given the limited range and number of subjects' reading scores. this result is quite provocative. The obtained correlations are consistent with findings that sensitivity to rhyme on tests of short-term memOlY is more characteristic of deaf readers who are reading well than those who are reading poorly (Conrad. 1979; Hanson. Liberman. & Shankweiler. 1984; Lichtenstein. 1985) .
Finally. the present study proVided an analysis of the responses. with evidence being obtained for both orthographic and speech-related strategies in rhyme generation. Because it is recognized that other investigators will be interested in different aspects of the responses, the full documentation of correct and incorrect responses was provided here.
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APPENDIX
Listed here are the responses given to each of the target words. The numbers in parentheses indicate responses given by more than one subject. Shown in the first column are correct rhymes that are orthographically dissimilar from the target. Shown in the second column are correct rhymes that are orthographically similar to the target. Shown in the third column are incorrect rhymes and the classification given to each of these responses (see text for explanation of the classification system). Note: l!l indicates homophones. 
